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Abstract 

It  is  shown  for  a  2  x  2  matrix  depending  analjrtically  on  a  parameter  t 
that  the  vanishing  of  all  Lie  functionals  of  an  order  exceeding  a  given  but 
arbitrarily  large  number  implies  the  vanishing  of  the  second-order  Lie 
functional.  Some  relations  of  Hellman  for  the  coefficients  of  a  matrix 
which  is  analytic  in  t  and  has  certain  vanishing  Lie  functionals  are 
generalized. 
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1,  Introduction 

In  a  previous  paper*-  ■'  Magnus  has  given  a  representation  for  the 
fundamental  solution  of  a  general  system  of  linear  differential  equations 
^  =  AU,  U(0)  ■  I,  where  A  -  A(t)  is  a  matrix  and  I  is  the  unit  matrix. 
This  solution  has  the  form  U  »  a  ,  where  A  »  B^  +  Bg  +B^  +  . . .  and  the  B^ 
are  Lie  integral  functionals.  The  importance  of  this  representation  is  em- 
phasized by  Helljian's  example'-  -'  from  which  it  appears  that  non-trivial  systems 
of  linear  differential  equations  (i.e.,  systems  that  cannot  be  transformed  into 
a  system  iri.th  a  triangular  matrix  A(t)  of  coefficients)  have  a  fundamental  solu- 
tion U  »  e   with  n  containing  only  a  finite  number  of  terms. 

It  is  clearly  important  to  know  under  what  conditions  /V  contains  a 
finite  number  of  terms.  A  general  sufficiency  criterion  for  this  was  given  in 

[ll. 

In  the  present  paper  it  is  shown  that  if  A(t)   is  an  analytic  2x2 
ft 
matrix,  then  either  /X  -   I     A  dt  or  /I  consists  of  infinitely  many  terras. 

-'o 

2.  Definitions  and  Notation 

Matrices  are  denoted  by  capitals}  lower  case  letters  stand  for 
scalars.  t  is  a  real  parameter.  We  shall  write: 

t 

f  a  -  J  a(t)dt, 

'a^(t)  a^2^*^^ 


A  -  A(t)  - 


ag-j^Ct)  aggCt); 


t  ± 

J  a^-,^(t)dt    j  a^2^*^^* 


y^  '   I  \l    "        A  '  ' 


'^  ^  f   a2j^(t)dt    I"  a22(t)dt 


c  'c 


2  - 


^  »  ^  (t)  «  aii(t)  -  aggCt), 
[a,b]  "  AB  -  BA, 


lif(3) 


LIFp^ 
2 


I  [A.  I  A], 
J  [J  A.  [A,  I  A]], 
j'[A,j[A.j*]]. 

LIF^'^  denotes  Lie  Integral  Functional  of  weight  n  (see  [l]  for  definition). 

3,  Condition  for  the  termination  of  the  sequence  of  Lie  fnnctionals 
Assumption t  Throughout  this  section  we  assume  that  A  is  a  2  x  2  matrix  with 

analytic  entires.  Now  we  shall  prove 

(2) 
Leanma  1.  In  order  that  LIF    b  0  it  is  necessary  and  sufficient 

that  two  of  the  following  six  conditions  holds: 

/^=  0,  a^  =  0,  ag^  -  0,  ^  »  const,  .  a^  j^  0, 

/A^*  const.  •  a^,  /  0,  a^  »»  const.  •  a-.  /  0, 

For  proof  it  suffices  to  note  that  LIF    ■  0  is  equivalent  to 
^  LIF^"^  2  0  and  that  the  entries  d^.  of  [a,  ]  a]  are: 

*^  "  ^2  J  ^1  -  ^21  /  ^2  ' 


^12 


-AJ«12-^2/^ 


-  3  - 


%--/a/«21-^2i/A 


*22 


-d^, 


Now  let  I  B  be  a  Lie  integral  functional  of  arbitrary  weight  n  >  2, 


and  let 


B 


/b^(t)   b^2^^^^ 


^^ 


Then  the  following  lemma  holds • 


Leanna  2,     The  following  four  statements  are  incompatible: 
(o)  B  ^  0,   [a,  f  b]  2  0,   [  JA,  b]  b  0,  [a,  JA  ]  -  0. 


Proof,  Clearly 


[a./bJ 


^21  -  ^21  j  ^21 


/^21  A,/b^2-^2/Ai 


^21  '  ^21 


/  Ab)  ^2l|  ^2  -  \2  / 


where 


and 


Aa  "  \l  "  ^22'    Ab  "  ^11  -  ^22' 

[  Lb]   -/>^^2  •  ^21  -  /  ^  •  ^2  /  Aa  •  ^  -|  «12  •  A 

V  (/^a  •  ^21  -  f  21  '^h)  hi  •  ^12  -/^2  •  ^23 


Assume  that  none  of  the  six  conditions  in  Lemma  1  holds  and  that  (a)  holds. 
Then 

(a)/b2^-Jb^2.^, 


(b)   bgi  .  bTL2  .  l!!i 


-u- 


M      1^12-/^,  -J  ' 


/ 


^ 


A, 


M 


JA.-j 


'21  •  a 


21 


(f)  Ab-^ 


b   "21 


hi 


B  ^  0  implies  in  our  case  b,,  ^0,  b.«  /  0,  b^^  -  -b „  j^  0.  Using  (a)  and  (b) 


21  ^     »  "12  '^     *  n     22 


we  haves 


^12 


^23 


"  (K2  •  ^ 


^2(^12^21^  1^12  •  '^21)  -^2  U^12  •  ^21) 
«12 


l^-h2*' 


A2J  / 


^2* 


Hence 


J ^21  ^  fgl 


12 


■(%)• ) 


'12 


and 


/ 


b^  «  c  •  eaq)  ' 


^2^*21  "  ^21^*12     J  ^2 
^  ^  J  *2l"*21  J  ^2      ^2 


where  c  is  a  constant,  c  /  0,  Using  (c),  (d),  (e)  and  (f),  we  get  analogous 
expressions  for  the  other  entries  of  j  B.  Each  of  these  expressions  supplies 


-  ?  - 


the  desired  contradiction  in  the  case  under  consideration.  Likewise  a  contra- 
diction is  arrived  at  if  we  assxane  that  one  of  the  six  conditions  of  Lemma  1  holds. 
As  a  direct  consequence  of  Lemma  2  we  have 

Theorem  1.  For  all  2x2.  Lie  integral  functionals  of  a  given  weight 

(2) 
to  vanish  it  is  necessary  and  sufficient  that  LIF    a  0, 

Corollary  (cf,  [ij).  In  the  solution  U  «  e   of  ^  =  AU,  U(0)  -  I, 
where  A  is  a  2x2  matrix  with  analytic  entries,  either 

Jl  »  I   A  dt 


or  li  is  the  sum  of  infinitely  many  terms. 
Remaiic.     Observe  that  the  entries  cl  .  of    A,    I    lA,    jA  J    I 


are 


%--< 


^ 


l(A/a,,-a,jA)  *  ^21- 1(^^/^2-^21/^)1, 


^21   ^ 


^21  "  *21 


A   *  ^a.,  . 


^1  •   h.2  ^21  "  ^1   ^; 


q22  "  -  ^u^ 


and  that  the  entries  p. .  of 


[/a,  [../.]  j 


are 


^11 


/^-  (a} 


*21  -  *21 


A.\ 


^21-  A 


^2  "  \2 


A 


^12 


JA^   fAJ-l2'h2JA)     '^j-12*{^2J 


21  -  ^21   *12   . 


-  6  - 

'22  ■  -  Pll- 

It  is  easy  to  see  that  if  one  of  the  six  conditions  in  Lemma  1  holds 

i 
(3) 


then  either  LIF^^^  s  LIFp^  ■  LIF^^^  -  0  or  LIF^^^  i  0,  LIFp^  4  0,  LIF^^  i  0. 


Now  assume  that  none  of  the  six  conditions  in  Lemna  1  holds.  Then  for  LIF, 
to  vanish  identically  it  is  necessary  and  sufficient  that 

JA-12/-Jai2-)«21  ' 

A  have  equal  eigenvalues.  At  the  same  time  LIFp  i  0, 
Proof  of  Theorem  1.  It  sxiffices  to  consider  the  equations 

JA*  (^Aj^-agj^jA)   *2Ja2^.  f«i2j^-»2lj^2)  -°- 
Patting  P  ■  I  a.j5,  Q  ■  I  a^,^,  T  »  I  A  *®  °*^  write  these  equations  as  follows: 
T'  Q  -  Q»  T  -  -  2  Q  V  /  Y 

(y) 

Y«  P  -  P»  T  »  2  P  V  /T, 

where  V  -  J  (  P'  Q  -  Q«  P). 

Multiplying  the  first  of  the  equations  (y)  by  P  and  the  second  by  Q 
and  adding,  we  get 

(1)       2P  Q  Y«  -  (PQ)'  T  -  0. 


-  7  - 


Multiplying  the  first  of  the  equations  (y)  by  (-P'T)  and  the  second  by 
Q'T,  adding,  and  dividing  the  result  by  7',  we  get 

(2)       T  !•  ♦  2(PQ)'  -  O. 

Now  (1)  Implies  (PQ)»  =  2PQT'A.  (2)  implies  (PQ)'  -  -T  Y'/a .  Hence 

Y^  «  -UPQ  or  Y  «  ♦  2  /  -PQ  ,  Substitution  of  either  value  for  Y  in  the  equations 
(p)  shows  that  these  values  actually  satisfy  (p).  The  second  part  of  our  state- 
ment can  be  proved  directly  or  inferred  from  Theorem  1, 

U,  A  note  on  Hellxnan's  relations 

For  irtiat  follows  capital  letters  denote  constant  (complex)  n  x  n  matrices. 
Definition.  P^°^  -  P,  P^^^  -  [a^,  P^^'"^^],  k  -  0,  1,  2,  ... 
We  note  the  following  relations: 


(»)    [B.cf.Y_  (5)  p .  c<''-JM . 


(B) 


(^- 1  o 


k'"'  k 


"'' [-i""''.  C^  ^1  - 


(C)    Let  B^"*^  -  0,  c'°^  -  0,  0  <  n*m,   0  <  n  <  m.  Then 


-  8  - 


(m.) 
(D)  D^  «  0  (for  j  -  1,  2,  3,  ...)  implies 


M-(vvl-f"^*-""^^"' - 


(If  D,  ■  A  then  m.  in  (nu,  +  ...  +  m  ^.-,-q)  should  be  0.)  This  last  result  is 
independent  of  the  distribution  of  brackets  in  the  commutator. 

We  now  apply  the  above  to  give  a  simple  proof  of  a  result  proved  by 
M.  Eellmanl«^J. 
Let 

Z     %[V\1"°'     k  =  l,  2,  ...japq/O. 
p+q"k 
0  <  p  <  q 


Then 
Since 


[^  \j  ■  •*l,k-l  [^I'VlJ  -  *2,k-2  i'2'V2J  -  •••  • 

and  since  we  may  assume  (by  induction)  that 


it  follows  (cf.  (C),  (D))  that 


-  9  - 


A^^-^^  «  0,   k  -  2,  3,  .. 


or  better  still, 

^min  {k-l,2a-lj  )  .  ^^ 

since  no  elementary  division  of  A  is  of  higher  degree  than  a,  (see  Roth'--'-' 
Theorem  5),  Now  if  we  assume  that 


CO      . 
A  -  A(t)  -  T^  A^t"^, 

t  t      t 

then  the  coefficients  of  I A,  I   A  dtj  and  of  I   U»  I   A  dtj  are  of  the  form 

considered  above*  Hence 

t     .t 

0 


X  t'  w  = 


implies 


A^^-^^  -  0,    k  -  2,  3,  ..., 

f2l 
which  is  the  content  of  Hellman's  resiilt'-  -". 

This  result  can  be  extended  to  certain  Lie  integral  functionals  of 

arbitrary  weight.  Thus  let 


and 


-'o     'o 

lif[^*i^  -  J  [a,  lif^^)]  , 


-  ID  - 


whezB 


CD 


A  -  2:  A     t^. 

±•0  ^ 


Then 


LIF. 


(s+1) 


c» 


B,  t'^i^l. 


where 


B    -  a  A^^^  +  C  , 
P        P  P  P* 


Op  /0>  P  "  1,  2,  ...  } 


here  C-  ■  0,  and  C    is  a  linear  combination  of  terms  of  the  form 
1        '  p 


[\[\[-l 


\''vJ'**] 


with  3^  +  ...  +  j^^^  •  p,     j^  <  p,  n  »  1,  ...,  8+1,  i^  <  i^^^. 

Now  LIf|®*^^  s  0  implies  B     =  0  for  all  p.     In  partictdar  k^^  -  0, 
Asstme  A^^""*^  «  0,  1  <  la  <  p.     By  (D)  above. 


A. 


[•••[wJ 


s(p-l) 


0. 


Hence  A^^^'  -  0  for  p  ■  1,  2,  ...     . 

The  case  s  ■  1  yields  a  stironger  result  than  the  case  of  a  geneiral  s. 

The  reason  becomes  clear  from  the  following  fomnilation  of  our  result. 
Theorem  2.     If  in  LIF^®*^^  -  Rj_t'*^  +  Bgt"*^  +  ...  a  0, 
B«  is  the  last  coefficient  consisting  of  the  single  texro 


A^^\  then 


.((k+l)s) 
^f+k 


k  «  0,  1,  2,  ...  , 

[3] 


or  better  still,  by  the  result  of  Roth"-^^   referred  to  above. 


-  11  - 


.(min  ((k+Ds,  2a-l}) 


f+k 


Corollaiy  (cf.  [l]).  If  in  ^  -  AU,  U(0)  -  I  (the  unit  matrix), 
A  has  analytic  entries,  then  the  validity  of  the  relations  of 
Theorem  2  is  necessary  for  41  to  consist  of  a  finite  number  of 
terms  only. 
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Commander 

European  Office  ARDC 
60  Rue  Ravenstein 
Brussels,  Belgium 

Naval  Electronics  Laboratory 
San  Diego  52,  California 

Research  Laboratory  of  Electronics 
Ifessachusetts  Institute  of  Technology 
Rm.  20B-221 
Cambridge  39,  Massachusetts 

Signal  Corps  Engineering  laboratoides 
Technical  Documents  Center 
Evans  Signal  Laboratory 
Belmar,  New  Jersey 

Commanding  General 

Signal  Corps  Engineering  Laboratories 
ATTN:  Technical  Reports  library 
Fort  Monmouth,  New  Jersey 

Chief  of  Staff 
HQ  United  States  Air  Force 
Pentagon,  Washington  25,  D.C, 
ATTN:  AFmn  -   5 

Naval  Research  laboratory 

Washington  25,  D.C. 

ATIN:  Technical  Data  Section 
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Central  Radio  Propagation  Laboratory 
National  Bixreau  of  Standards 
Washington  2^,  D.G, 
ATTN:   Technical  Reports  Library- 
Air  Force  Development  Field  Representative 
Naval  Research  laboratory- 
Code  1110 
Washington  2$,  D.C. 

Ballistics  Research  -Haboratory 
Aberdeen  Pro-ving  Ground 
Aberdeen,  Maryland 
ATTN:  Dr.  Keats  Pullen 

Massachusetts  Institute  of  Technology 

Lincoln  Laboratory 

P.O.  Box  390 

Cambridge  39,  Massachusetts 

ATTB:  Dr.  T.J.  Carroll 

Mr.  Kee-ve  Siegel 
Willow  Run  Research  Center 
Willovf  Run  Airport 
Tpsilanti,  Michigan 

Willow  Run  Research  Center 
Willow  Run  Airport 
Ypsilanti,  Michigan 
ATTN:  Dr.  C.L.  Dolph 

Director,  Naval  Research  Lab. 
Code  3ii80 

Washington  25,  D.C. 
ATTN:  Dr.  L.C.  van  Atta 

Director,  Na-val  Research  Lab. 

Washington  2^,  D.C, 

ATTN:  Mr.  Robert  E.  Roberson 

Director,  Naval  Research  Lab. 
Washington  25,  D.C. 

National  Bureau  of  Standards 
Computation  Laboratories 
Washington  25,  D.C. 
ATTN:  Dr.  John  Todd 

Dr.  A.G.  McNish 

National  Bxireau  of  S-tandards 

Washington  25,  D.C, 

Dr.  Derrick  H.  Lehmer 
Department  of  Mathematics 
University  of  California 
Berkeley,  California 

Dr.  Joseph  Kaplan 
Department  of  Physics 
University  of  California 
Iios  Angeles,  California 


Division  of  Electrical  Engineering 
Electronics  Research  Laboratory 
University  of  California 
Berkeley  ky   California 
ATTN:  Dr.  Samuel  Silver 

Dr.  A,  Erdelyi 

California  Institute  of  Technology 
1201  E.  California  Street 
Pasadena,  California 

Dr.  Robert  Kalaba 
Electronics  Di-vision 
Rand  Corporation 
Santa  Monica,  California 

Stanford  Research  Institute 
Stanford,  California 
ATTN:  Dr.  J.V.N.  Granger 

Head,  Radio  Systems  Laboratory 

Dr.  Vic  Twersky 

Electronics  Defense  laboratory 

Box  205 

MoTontain  View,  California 

Hughes  Aircraft  Company 
Research  and  Development  Library 
Culver  City,  California 
ATTN:  M.  Bodner 

National  Bxoreau  of  S-tandards 
Boulder  Laboratories 
Boulder,  Colorada 
ATTN:  Library 

Georgia  Institute  of  Technology 
Engineering  Experimental  Station 
Atlanta,  Georgia 
ATTN:  Dr.  James  E.  Boyd 


Applied  Physics  Laboratory 
The  Johns  Hopkins  Uni-versity 
8621  Georgia  Avenue 
Silver  Spring,  Maryland 
ATTN:  Mr.  F.T.  McClure 

Dr.  Donald  E.  Kerr 
Department  of  Physics 
The  Johns  Hopkins  University 
Baltimore  18,  Maryland 

Dr.  A.  Weinstein 

Institute  of  Fluid  Dynamics  and  Applied  Math. 

University  of  Maryland 

College  Park,  Maryland 
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Professor  J. A,  Pierce 
Harvard  University 
Cambridge  38,  Massachusetts 

Mrs.  Marjorie  L.  Cox,  Librarian 
Technical  Reports  Collection 
Room  303  A,  Pierce  Hall 
Harvard  University 
Caaibridge  38,  Massachusetts 

Dr.  F.M.  Wiener 

Bolt  Beranek  and  Newman  Inc. 

16  Eliot  Street 

Cambridge  38,  Massachusetts 

Dr.  Arthur  A.  Oliner 
Microwave  Research  Institute 
Polytechnic  Institute  of  Brooklyn 
55  Johnson  Street 
Brooklyn,  New  York 

Professor  J.H.  Mulligan 
School  of  Engineering 
New  York  University 
New  York,  N.Yo 

Dr.  H.G.  Booker 

School  of  Electrical  Engineering 

Cornell  University 

Ithaca,  New  York 

Professor  Bernard  Epstein 
Department  of  Mathematics 
University  of  Pennsylvania 
Philadelphia  h,   Pennsylvania 

Professor  Albert  Heins 

Carnegie  Institute  of  Technology 

Pittsburgh,  Pennsylvania 

Professor  Fred  A.  Flcken 
University  of  Tennessee 
Knoxville,  Tennessee 

Miss  Barabra  C.  Grimes,  Librarian 
Federal  Comm\inications  Commission 
Washington  25,  D.C. 

Carnegie  Institute  of  Washington 
Department  of  Terrestrial  Magnetism 
52I4I  Broad  Branch  Road,  N.W. 
Washington  15,  D.C. 
ATTN:  Library 

Mathematical  Reviews 

80  Waterman  Street 
Brown  University 

Providence,  Rhode  Island 


Mr.  Martin  Katzin 
l51i  Fleetwood  Terrace 
Silver  Spring,  Maryland 

Prof.  B.H.  Bissinger 
Lebanon  Valley  College 
Annville,  Pennsylvania 

Applied  Physics  Laboratory 
The  Johns  Hopkins  University 
8621  Georgia  Avenue 
Silver  Spring,  Maryland 
ATTN:  Dr.  B.S.  Gourary 

Professor  C.A.  Woonton,  Director 
Eaton  Electronics  Research  Laboratory 
McGill  University 
Montreal,  Canada 

Science  Abstracts 

Institute  of  Electrical  Engineers 

Savoy  Place 

London  W.C.   2,  England 

ATTN:  R.M.  Crowther 

Dr.  D.S.   Jones 
Department  of  Mathematics 
University  of  Majichester 
Manchester  13,  England 

Dr.   Jean-Claude  Simon 
Centre  de  Recherches  techniques 
Corapagnie  generale  de  T.S.F. 
Paris  19,   France 

Professor  A.  van  Wijngaarden 
Mathematisch  Centnim 
2®  Boerhaavestraat  k9 
Amsterdam-Zuid,  Holland 

Dr.  C.J.  Bouwkarap 

Philips  Research  laboratories 

Eindhoven,  Netherlands 

Dr.  H.  Bremmer 

Philips  Research  Laboratories 

Eindhoven,  Netherlands 

Dr.  E.T.  Copson 
Department  of  Mathematics 
United  College 
University  of  St.  Andrews 
St.  Andrews,  Scotlsmd 

Dr.  Charles  H.  Papas 

Department  of  Electrical  Engineering 
California  Institute  of  Technology 
Pasadena,  California 
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Theoretical  Unit 
Special  Projects  Branch 
Evans  Signal  Laboratory 
Belmar,  New  Jersey 
ATTN:  Dr.  Rodman  Doll 

Mr,  Calvin  H.  Wilcox 
Electronics  Research  Directorate 
Air  Force  Cambridge  Research  Center 
22h  Albany  Street 
Cambridge  39,  Massachusetts 

Technical  Director 
Corabat  Development  Dept. 
Army  Electronic  Proving  Ground 
Fort  Huachuca,  Arizona 

Universite  de  Paris 
Cabinet  du  Department 
des  Sciences  Mathematiques 
Institut  Henri  Poincare 
11  Rue  Pierre  Curie 
Paris  5®,  France 

National  Bureau  of  Standards 
Boulder,  Color ada 
ATTN:  Dr.  W.R.  Gallet 

Dr.  William  Bauer 
Antenna  Research  Laboratory 
Republic  Aviation  Corp, 
Farmingdale,  L.I.,  N.Y. 

Mrs.  A.M.  Gray 
Engineering  Library 
Plant  5 

Grumman  Aircraft  Corp. 
Bethpage,  L.I.,  N.Y. 

Dr.  W,  Elwyn  Williams 
30  Knoll  Rise 
Luton 
Bedfordshire,  England 

University  of  Cambridge 
Cavendish  laboratory 
Cambridge,  England 
ATTN:  Professor  Philip  Clemraow 

Professor  Bernard.  Friedman 
Department  of  Mathematics 
University  of  California 
Berkeley,  California 


Dr.  Jane  Scanlon 
2814  South  Street 
Southbridge,  Massachusetts 

Dr.  Solomon  L.  Schwebel 
8957  Eames  Avenua 
Northridge,  California 

Dr.  Bernard  Lippmann 
Microwave  Laboratory 
55  Johnson  Street 
Brooklyn,  New  York 

University  of  Minnesota 
The  University  Library 
Minneapolis  lii,  Minnesota 
ATTN:  Exchange  Division 

Lincoln  Laboratory 

Massachusetts  Institute  of  Technology 

P.O.  Box  73 

Lexington  73,  Massachusetts 

ATTN:  Dr.   Shou  Chin  Wang,  Rm.  C-351 

The  Department  of  Mathematics 
tfenchester  University 
Jfejichester,  England 
ATTN:  Dr.  V.M,   Papadopoulos 

Mr.  K.S.  Kelleher 

Section  Head 

Melpar,  Inc. 

3000  Arlington  Boulevard 

Falls  Church,  Virginia 

Technical  Research  Group 
17  Union  Square  West 
New  York  3,  N.Y. 
ATTN:  Dr.  L.  Goldnuntz 

Antenna  Research  Section 
Microwave  Laboratory 
Hughes  Aircraft  Company 
Culver  City,  California 
ATTN:  Dr.  Richard  B.  Barrar 

Institute  of  Fluid  Dynamics  &  Applied  ^th« 
University  of  Maryland 
College  Park,  Maryland 
ATTN:  Dr.  Elliott  Montroll 

Brandeis  University 
Walthain,  Massachusetts 
ATTN:  Library 
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General  Electric  Company 
>tLcrowave  Laboratory 
ElectronicsDi vision 
Stanford  Industrial  Park 
Palo  Alto,  California 
ATTN:  Library 

Dr.  W.A,  Dodid 
Hughes  Research  Laboratories 
Hughes  Aircraft  Company 
Culver  City,  California 
Bldg.  12,  Rra.  2529 

Office  of  Chief  Signal  Officer 
Signal  Plans  and  Operations  Division 
Como  Liaison  Br.,  Radio  Prop.  Section 
The  Pentagon,  Washington  25,  D.Go 
ATTN:  SIGOL  -  2  Rm.  20 


